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Abstract. As part of a reanalysis of galactic Asymptotic Giant Branch (AGB) stars at infrared (IR) wavelengths,
we discuss a sample (357) of carbon stars for which mass loss rates, near-IR photometry and distance estimates
exist. For 252 sources we collected mid-IR fluxes from the MSX (6C) and the ISO-SWS catalogues. Most stars have
spectral energy distributions up to 21 µm, and some (1/3) up to 45 µm. This wide wavelength coverage allows us
to obtain reliable bolometric magnitudes. The properties of our sample are discussed with emphasis on ∼ 70 stars
with astrometric distances. We show that mid-IR fluxes are crucial to estimate the magnitude of stars with dusty
envelopes. We construct HR diagrams and show that the luminosities agree fairly well with model predictions
based on the Schwarzschild’s criterion, contrary to what is widely argued in the literature. A problem with the
brightness of C stars does not appear to exist. From the relative number of Mira and Semiregular C-variables, we
argue that the switch between these classes is unlikely to be connected to thermal pulses. The relevance of the two
populations varies with the evolution, with Miras dominating the final stages. We also analyze mass loss rates,
which increase for increasing luminosity, but with a spread that probably results from a dependence on a number
of parameters (like e.g. different stellar masses and different mechanisms powering stellar winds). Instead, mass
loss rates are well monitored by IR colours, especially if extended to 20 µm and beyond, where AGB envelopes
behave like black bodies. From these colours the evolutionary status of various classes of C stars is discussed.
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1. Introduction
Winds from AGB stars replenish the Interstellar Medium
with a large portion of the matter returned from stellar
evolution (70% according to Sedlmayr 1994), through the
formation of cool envelopes (Winters et al. 2002, 2003)
where dust grains condense (Schirrmacher et al. 2003;
Carciofi et al. 2004). Such grains carry the signature of
the nucleosynthesis episodes occurring in the AGB phases
(Busso et al. 1999; Wasserburg et al. 2005); their pres-
ence has been recognized in meteorites and brings direct
information on circumstellar processes (e.g. Zinner 2000;
Ott 2001). As AGB stars radiate most of their flux at
long wavelengths, large surveys of infrared (IR) observa-
tions play a fundamental role in studying their luminosity
and their winds (see e.g. Habing 1996; Epchtein 1999).
Send offprint requests to: M. Busso
We do not have yet a quantitative description of
AGB winds, though attempts at modelling them are
a few decades old (Salpeter 1974; Knapp & Morris
1985; Gail & Sedlmayr 1987). More recently, hydro-
dynamical and phenomenological studies of pulsating
stellar atmospheres and of the associated mass loss
have undergone important improvements (Fleischer et al.
1992; Wood & Sebo 1996; Winters et al. 2002, 2003;
Wachter et al. 2002; Sandin & Ho¨fner 2003a,b). Also,
observational works have become more quantitative
(Wood 2003; Olivier & Wood 2003; Wood et al. 2004;
Andersen et al. 2003), using new data at long wave-
lengths from space and from the Earth (see e.g.
Wood & Cohen 2001; Le Bertre et al. 2001, 2003;
Groenewegen et al. 2002a,b; Olofsson et al. 2003;
Cioni et al. 2003; Omont et al. 2003), as well as im-
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Fig. 1. SWS spectra for an irregular variable (TX Psc), a
Mira variable (IZ Peg) and a post-AGB star (V353 Aur).
The dominant role of IR emission longward of 20 µm for
Miras and post-AGB sources is a general property of our
sample.
proved knowledge of stellar distances (e.g. Van Eck et al.
1998; Knapp et al. 2003; Bergeat & Chevallier 2005).
A real step forward would be to derive realistic for-
mulae, linking the efficiency of stellar winds to the lumi-
nosities, colours and chemical properties of AGB stars, to
be adopted as inputs for stellar models, thus avoiding free
parameterizations. This kind of studies has become quan-
titative only recently (van Loon et al. 2005), while pre-
vious attempts (Vassiliadis & Wood 1993; Blo¨cker 1995)
suffered from large uncertainties (Wood 1996).
Reducing those previous uncertainties also requires
a good knowledge of absolute magnitudes, through im-
proved distances; so far, mass loss studies for galactic
AGB stars often adopted some average constant value for
the luminosity (see Jura 1986; Jura & Kleinmann 1989;
Le Bertre et al. 2001). Relevant exceptions exist, e.g. in
the thorough analysis of C-rich sources by Bergeat and
his group (see Bergeat et al. 2002a,b, hereafter BKR1,
BKR2), where however the photometric data are rather
heterogeneous (see also Knapik et al. 1999; Bergeat et al.
2001).
With the above difficulties in mind, we plan to perform
a thorough reanalysis of AGB luminosities and mass loss:
this is actually the main scientific scope of our project
for putting an IR telescope (the International Robotic
Antarctic Infrared Telescope) in Antarctica, at the Italian-
French base of Dome C (Tosti et al. 2004). It will allow ex-
tensive monitoring of AGB sources in Magellanic Clouds
and in the southern Milky Way up to 20 µm (and possibly
beyond, given the unique characteristics of the Antarctic
atmosphere). This paper is in fact part of the preliminary
works necessary to define the key projects for the tele-
scope.
We shall therefore consider, in a series of works, all
types of AGB stars (M, MS-S, C giants), using existing
catalogues of IR observations and compiling a homoge-
neous list of luminosities, distances, mass loss rates, look-
ing for correlations between them and the IR data. We
start with C-rich AGB stars; next steps will analyze MS-S
giants, where C- and s-element enrichment becomes ob-
servable, and finally the more disperse family of M giants.
In this note we collected a sample of 357 C-rich sources
with near-infrared (IR) photometry and mass loss esti-
mates; these last are revised by scaling previous obser-
vations with updated distance determinations. For an-
other sample of 252 C stars we have collected also space-
borne mid-IR photometry in the λ = 8 − 15µm inter-
val and/or at λ ∼ 21µm. The intersection of these two
groups is made of 214 C-rich objects. For this sample,
near IR data are provided by ground-based surveys like
2MASS (Cutri et al. 2003) and DENIS (Epchtein et al.
1999; Fouque´ et al. 2000); those for mid-IR are taken from
the recent space-borne missions, ISO and MSX. The rele-
vance of MSX colours for classifying AGB stars has been
recently pointed out (Ortiz et al. 2005), with an approach
which is complementary to ours. IRAS measurements are
not included in our analysis because of their lower quality
and spatial resolution (hence larger contamination) com-
pared to more modern experiments. A homogeneous com-
pilation of IR colours for stars of known distance will allow
us to precisely estimate the bolometric corrections (BCs)
and to correlate mass loss rates with luminosity (and/or
the colour excess).
We started from previous work done by BKR1 &
BKR2, who classified C stars in several discrete families:
the more advanced subclasses, named ’Carbon Variables’
or CVs, from CV3 on, correspond to bright thermally
pulsing AGB stars. Bolometric magnitudes were esti-
mated by those authors using optical photometry by
Baumert (1972), near-IR data from Gezari et al. (1993),
and including IRAS fluxes at 12 and 25 µm. Careful
upgrades of Hipparcos were included. In our work we
shall consider newer and more homogeneous IR data
from the ground and from space, with Spectral Energy
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Distributions (SEDs) covering a wider wavelength baseline
up to 45 µm. In this way we also aim at verifying on wider
statistics suggestions previously advanced by Busso et al.
(1996), Marengo et al. (1997, 1999), Busso et al. (2001),
according to which mid-IR colours are good indicators of
the mass loss efficiency, and permit a first classification of
the chemical properties of the circumstellar envelopes.
The choice of discussing first a sample of Carbon-
rich AGB stars is motivated by the fact that optical
C(N) stars (usually irregular or semi-regular pulsators)
present a sufficient level of homogeneity to be consid-
ered as a snapshot on the relatively long (1-3×106 yr)
TP-AGB evolution. They correspond to the moment in
which the C/O number ratio reaches unity in stars of
moderate mass (lower than 3 M⊙: Claussen et al. 1987;
Busso et al. 1999; Abia et al. 2001, 2002; Kahane et al.
2000). When looking at IR properties, however, one has to
remember that more massive and evolved sources become
part of the sample, thus making the picture more com-
plex (Barnbaum et al. 1991). Mass loss rates have been
shown to span a wide interval, from a few 10−8 M⊙/yr,
(Olofsson et al. 1993a,b; Scho¨ier & Olofsson 2001) to 10−4
M⊙/yr for the most massive and/or evolved objects
(Groenewegen et al. 2002a,b).
All stars outside the mass range in which C-rich at-
mospheres are formed will reach the final stages while re-
maining O-rich. This is due either to the inefficiency of
dredge-up (for lower masses), or to the fact that mas-
sive AGB stars (M ≥ 5 M⊙) burn the new carbon as
soon as it is dredged to the envelope, thanks to the hot
bottom burning (hbb) phenomenon (Karakas & Lattanzio
2004). Observational evidence of this occurrence is emerg-
ing in various contexts (Smith et al. 1995; van Loon et al.
2001, 2005; Whitelock et al. 2003; Cioni et al. 2003). See
in particular van Loon et al. (1999a,b), hereafter VL1,
VL2. This paper is organized as follows. In section 2 the
C-star sample and the photometric measurements are pre-
sented; in section 3 we discuss mass loss rates from radio
studies, together with the required updates (e.g. on the
distance). The luminosities and colours of our sample stars
are presented in sections 4 and 5, together with the conse-
quences of our analysis for the AGB evolution and dredge
up. Correlations found between luminosity, colours and
mass loss rates are reviewed in sections 6. Some general
conclusions are drawn in section 7.
2. C-star photometry from ISO-SWS and MSX
catalogues
Ground-based photometric studies of C stars in the 8-
14 µm window were often performed through 1µm-wide
filters, centered around 8.8, 11.7 and 12.5 µm. We decided
therefore to compile colours including filters as close as
possible to the above ones, to make comparisons easier.
The largest inventories of IR observations longward
of 2.2 µm for AGB stars come from space experiments.
Le Bertre et al. (2001, 2003) examined the sample from
the Japanese experiment IRTS. We shall consider in-
stead data from the European ISO mission and from the
American MSX satellite (using the Infrared Point Source
Catalogue, version 6C). In the case of ISO, the best known,
nearby AGB stars are always too bright to be observed
by the imaging camera (ISOCAM: see Cesarsky et al.
1996). Luckily, the database of the Short Wavelength
Spectrometer (SWS: Valentijn et al. 1996) contains spec-
tra of many known AGBs, and offers also a good photo-
metric calibration. We therefore performed a re-binning
of AGB SWS spectra from the ISO archives at the Centre
de Donne´es Stellaires (CDS) of Strasbourg. In doing this,
the spectral energy distributions were convolved with the
response curves of common filters centered at 8.8, 11.7
and 12.5 µm, available from the TIRCAM consortium
(Persi et al. 1994). For the sake of simplicity, these filters
will be indicated by: [8.8], [11.7], [12.5]. We also rebinned
data at longer wavelength, convolving them with the fil-
ters at 14.7 and 21.3 µm from MSX. Sources for which
ISO fluxes in different epochs vary significantly were com-
bined to get average spectra: a few sources showed the
remarkable property of a global (bolometric) variation up
to a factor of two. Such phenomena have been observed
previously (Le Bertre 1992, 1993; van Loon et al. 1998):
for interpretations the reader is referred to van Loon et al.
(1998).
A number of our sources have complete SWS spectra
up to 45 µm: those among them that also have near-
IR photometry and estimates for mass loss and distance
(49 in total of the about 70 astrometric sources) repre-
sent a ’best selection’, from which we can expect to derive
all photometric properties with high precision, including
the bolometric magnitudes (these last will simply come
out from integrating the flux from 1 to 45 µm, as for the
whole sample optical fluxes are very small compared to
the IR ones). Three examples of such complete spectra,
representative of stars with small, moderate and large IR
excess, are presented in Fig. 1. They show one of the main
points we want to underline in this work: deriving bolo-
metric magnitudes from too short wavelengths can be very
misleading, especially for very red sources. As examples,
using BCs derived from J–K, as in Costa & Frogel (1996),
the sources in Fig. 1 would be assigned absolute magni-
tudes of: −4.8 (TX Psc); ≥ 1.0 (IZ Peg); ≥ 1.0 (V353
Aur). The last two numbers derive from assuming gener-
ous upper limits of 0.05 Jy for the very low J fluxes of
these red sources. When BCs are instead computed start-
ing from IR photometry extending from the K-band to
10–20 µm, as in Le Bertre et al. (2001), more reason-
able magnitudes are obtained: Mbol = −5.2,−4.8,−5.9,
respectively. When, finally, we apply our BCs (see next
sections) derived from photometry up to 45 µm, we get
Mbol = −5.5,−4.8,−6.2 in the three cases. For very red
sources (about 25% of Miras and most post-AGBs) even
our Spectral Energy Distributions (SEDs) up to 45 µm
are insufficient to gather the whole flux. For them, the
luminosities we estimate will be lower limits.
Concerning the MSX sample, we adopted the fluxes at
14.7 and 21.3 µm as provided by the catalogue, while in
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the 8–14 µm range, fluxes in the [8.8] and [12.5] filters
were inferred from those in the MSX bands ’A’ and ’C’.
In order to do this we selected a group of sources in com-
mon between ISO-SWS and MSX. For them, we derived
correlations between the two sets of filters, obtaining the
following relations:
logF12.5 = 0.80176 logFC + 0.3349
logF8.8 = 0.9377 logFA + 0.1266
with regression coefficients (R2) of 0.95, 0.94 respectively.
The relations apply to all sources examined: colour effects
on different types of stars are negligible. They were used
for expressing the MSX fluxes in the set of filters adopted.
This can be done without loss of accuracy, as the uncer-
tainty of IR colours is at least ± 0.1m. No flux at 11.7 µm
can obviously be derived for MSX stars.
The resulting list of ISO andMSX C-rich AGB sources,
with their inferred IR fluxes, is presented in Tables 1 to
4. Here variability types are taken from the Combined
General Catalogue of Variable Stars (Samus et al. 2004).
In the tables we have included near-IR data from 2MASS,
together with general information available on the vari-
ability type and on parameters relevant for estimating
mass loss rates (see next section). One problem affecting
our sample is that data from catalogues are single-epoch
measurements; though the amplitude of the light curves
decreases sharply when moving from optical to near-IR
wavelengths, we expect that J, H, K data can be still
affected by uncertainties of several tenths of a magni-
tude. This problem affects only the bluest semi-regular
and irregular variables (at the lowest luminosities and
mass loss rates considered). Indeed, despite the fact that
redder sources also show larger amplitude variations in
near-IR filters, their flux is usually dominated by mid-IR
wavelengths, where the variability vanishes because the
photosphere is not seen. The very large near-to-mid IR
colours of several Miras and of all post-AGB sources make
any variability at short wavelengths irrelevant (exceptions
might occur for the few sources showing factor-of-two vari-
ations in the bolometric luminosities). Also, the photomet-
ric data in the tables do not contain corrections for inter-
stellar extinction, for two reasons. On one side extinction
becomes small at the long wavelengths considered here; on
the other hand, our stars are distributed in all directions of
the sky, so that we should adopt average extinction laws,
but these are rather uncertain, and it is not clear that
(at IR wavelengths) average corrections are substantially
better than nothing. As our stars are occasionally very
distant (above 1 kpc) one has to estimate the effects of
neglecting extinction. Let’s consider representative cases
at 200 and 2000 pc distance. For the average interstel-
lar medium one has AV (200pc) = 0.15
m; AV (2000pc) =
2.2m (Gillett et al. 1975; Knude 1979). The wavelength
dependence can be taken from Draine (1989), as being
Aλ ∼ λ
−1.75. At mid-IR wavelengths (10 µm and beyond)
this implies negligible corrections (0.015m at maximum),
well within the photometric uncertainly, even for the most
distant sources. In the K-band (2.2 µm) extinction is ir-
relevant within 1kpc, but may be appreciable for the most
distant stars (0.2m at 2 kpc). We notice that the unknown
variability induces a scatter whose amplitude is similar to
the uncertainty related to extinction. Neglecting this last,
however, introduces systematic effects on the most distant
stars, so that their near-IR luminosity will be underesti-
mated. Hence at near-IR wavelengths, catalogue data for
distant (≥ 1 kpc) LPVs taken at face values are typi-
cally uncertain by a few tenths of a magnitude (from both
statistical and systematic errors). The effects on the bolo-
metric magnitude distribution in our sample are however
small, due to the large IR excesses of most distant sources
that make near-IR data relatively unimportant for them.
When using the data of Tables 1 to 4 for determin-
ing standard colours, we applied standard photometric
calibrations, adopting suggestions by Bessell et al. (1998)
and by Glass (1999) and interpolating them with black
bodies for obtaining the fluxes in the selected 1-µm-wide
filters. According to this procedure, the fluxes (Jy) of a
zero-magnitude star in the filters used are: 52.23 ([8.8]),
29.55 ([11.7]), 25.88 ([12.5]), 20.25 ([14.7]), 8.91 ([21.3]).
For near-IR, 2MASS calibrations are given in Cohen et al.
(2003).
3. Estimates for mass loss and related problems
The work by Jura (1986) and Jura & Kleinmann (1989)
set the stage for subsequent studies on AGB winds. These
authors used mass loss rates estimated across the previous
ten years, and mid-IR photometric observations from the
IRAS satellite. Unfortunately, the scarcity of data then
available led them to adopt average hypotheses on the
luminosities, assuming a constant value of 104 L⊙ for all
types of AGB stars. This fact (and the modest precision of
IRAS photometry) prevents us from making too system-
atic comparisons of those works with the present analysis,
where the luminosities are estimated thanks to measure-
ments of the distance, sometimes of astrometric quality.
We shall however comment later on mass loss rates for
the sources we have in common with the quoted studies.
The inventory of more recent analyses on mass loss
in AGB stars includes works dedicated to Carbon-
rich stars (Olofsson et al. 1993a,b; Kastner et al. 1993;
Scho¨ier & Olofsson 2001; Groenewegen et al. 2002a,b;
Scho¨ier et al. 2002), to Oxygen-rich M–MS–S stars
(Sahai & Liechti 1995; Groenewegen & de Jong 1998;
Olofsson et al. 2002), and more general approaches includ-
ing all classes of AGB objects (Kastner 1992; Loup et al.
1993; Le Bertre et al. 2001, 2003; Winters et al. 2002,
2003). From the theoretical point of view, the very lim-
ited evidence of coronal X-ray emission (Jura & Helfland
1984; Sahai et al. 2003; Kastner & Soker 2003) demon-
strated that mass loss mechanisms were different than in
the sun. Radiation pressure on dust grains was suggested
to be at the origin of red giant winds by Salpeter (1974).
In this approach, if the momentum of the radiation field
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can be completely transferred to dust and gas particles in
the envelope, then the mass loss rate can be expressed as:
M˙ ∼ 2× 10−8τd(L∗/L⊙)× (v/kms
−1)−1M⊙/yr
where τd is the average optical depth of dust. The gas
phase of the envelope might be dragged by dust, but a
problem is how to transfer momentum to dust close to
the photosphere, as above 1500-2000 K no solid com-
pound made with light elements (C to Si) would avoid
evaporation. Hence, stellar pulsation in different modes
(Wood et al. 1999; Wood 2000), pushing the radius to
large distances and the temperature to low values, and in-
troducing shock waves should also be very important (see
e.g. Fleischer et al. 1992, 1995; Winters et al. 1994a,b,
1997, 2000a,b).
All approaches suffer frommany limitations, so that re-
cent work was concentrated on semi-empirical approaches
derived from observations. As an example, Le Bertre et al.
(2001, 2003) used near-IR fluxes (in K, L’), then adopt-
ing simplifying assumptions like e.g a constant luminosity
of 8000 L⊙ for all the sources studied. Being based on
a wavelength interval where the AGB photosphere dom-
inates the flux, these estimates are also affected by the
intrinsic uncertainty of the variability.
Other mass loss estimates were derived from obser-
vations at millimeter or radio wavelengths, where the
variable star is not seen. In most cases they adopt
procedures early suggested by Knapp & Morris (1985)
for CO lines. For example, Olofsson et al. (1993a,b)
and Groenewegen et al. (2002a,b) assume emission from
an optically thick environment, with a fixed size for
the CO envelope, RCO. Due to this, they can some-
times underestimate the wind efficiency by factors 3-4
(Scho¨ier & Olofsson 2001).
A more general case was considered by Loup et al.
(1993), Kastner (1992), Kastner et al. (1993) and
Winters et al. (2003). The results are given in terms of
the distance d (in kpc), of the expansion velocity Ve (in
km/sec), and of the flux f . We adopt Loup et al. (1993)’s
formulation whenever possible, re-scaling their mass loss
rates with more recent estimates for the distance and for
Ve. When data from Loup et al. (1993) are not available,
we use instead the Olofsson et al. (1993a,b) procedure,
again updating the parameters when possible.
Tables 1 to 4 report the relevant data for those stars
for which IR photometry was derived in the previous sec-
tion, together with the updated estimates for mass loss
rates. It is interesting to note (see Fig. 2) that for the
few sources we have in common with Jura (1986) and
Jura & Kleinmann (1989) and despite the mentioned un-
certainties of these older analyses, there is a fair correla-
tion between the mass loss rates given by the above au-
thors and those derived by us (with a regression coefficient
R2 = 0.88). In most cases the sources are Mira variables.
We shall be guided by the data of the AGB stars
(Table 1) with the best distance estimates. They in-
clude objects with astrometric measurements (usually
from Hipparcos), for which we adopt the recommended
-8 -7 -6 -5 -4 -3
dM/dt  (J86, JK89)
-8
-7
-6
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-4
-3
dM
/d
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)
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Fig. 2. The existing correlation between mass loss esti-
mates published by Jura (1986) and Jura & Kleinmann
(1989) and our re-calibration of measurements from
Loup et al. (1993) with updated distances.
values by Bergeat & Chevallier (2005), plus a small group
of post-AGB stars for which the distance was derived from
dedicated studies of the circumstellar envelopes. Our men-
tioned ’best selection’ is actually made by those sources,
among the objects in Table 1, for which also the integral of
the SED up to 45 µm is available. We give a lower weight
to other methods of deriving distances (the corresponding
points in the figures will be smaller). When nothing else
is available, we quote in the tables distances estimated by
Loup et al. (1993) by assuming a specific value for the lu-
minosity. Obviously, these sources will be used only when
a precise knowledge of the distance is irrelevant, e.g. in
colour-colour diagrams.
4. Energy distributions and photometric
calibrations
A few SEDs, chosen to represent the various shapes found
in our sample, are shown in Fig. 3. They illustrate how
different the spectra for different types of sources are,
displaying the increasing importance of mid-IR (10 and
20 µm) wavelengths when moving from irregular (or semi-
regular) pulsators toward Miras and post-AGB stars. This
has two important consequences as discussed below.
First of all, it is clear from the figure that, when the
observations are not extended up to at least 20 µm, most
of the flux from the reddest objects is missed. Plots like
those in Fig. 1 reveal that many AGB stars radiate the
majority of their flux in a region between 20 and 45 µm.
This range is rarely considered in dealing with large sam-
ples of sources. In the past, the flux in the 60 µm IRAS
filter was often used as representative of far IR, and corre-
lated with mass loss. However, IRAS 60 µm data may be
partially contaminated by diffuse (cirrus) emission; more-
over, the IRAS spatial resolution at those wavelengths is
very poor.
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Fig. 3. The Spectral energy distribution up to 21.3 µm
of a number of sources in our sample, divided according
to their type, as constructed with the set of 1-µm-wide
filters described in the text.
Secondly, when we consider the relative number of
sources having SEDs with the various appearances of Fig.
3 (with semiregulars and Miras occurring with nearly
equal frequency) doubts arise on the common idea that
the different variability types are alternatively encoun-
tered along the AGB due to the variations of luminosity
in correspondence of thermal pulses (see e.g. Cioni et al.
2001). These doubts are best illustrated with reference
to the behaviour of the stellar luminosity on the AGB
(Fig. 4). The usual interpretation might in principle be
true for the first thermal pulses, when the star is oxygen-
rich, as regimes of higher and lower luminosity are both
encountered, due to the occurrence of post-flash dips. In
early phases these dips cover nearly 30% of the time be-
tween adjacent pulses (for a recent review on the models,
see e.g. Straniero et al. 2005) and hence imply that lower-
luminosity variables (identified with semiregulars) should
account for ∼ 30% of the total number of O-rich AGB
stars. However, for the final C-rich phases the duration of
low-luminosity regimes becomes increasingly short with
increasing pulse number. According to Fig. 4, relative to
a 2M⊙ AGB star of solar metallicity, the stages where the
luminosity is lower than average by at least 0.2m account
for about 10 percent of the time spent by the star as a
C-rich giant: if C-rich semiregular variables were to be as-
sociated with these low luminosity regimes, they should
be pretty rare, contrary to the evidence we have. Our
sample was selected from mass loss data and therefore is
certainly biased toward the reddest and more mass-losing
Miras, but despite this semiregular variables are of equal
statistical weight. If the AGB stars really switch from one
Fig. 4. Model bolometric magnitude of a 2 M⊙ AGB star
during the phase of thermal pulses on the AGB. Model
from the FRANEC code, as computed by Straniero et al.
(1998).
variability type to another (see e.g. Cioni et al. 2001) this
is unlikely to be related to thermal pulses; rather, in atmo-
spheres animated by complex pulsations, superposition of
close-by frequencies can induce beats and hence amplitude
modulations (with periods of centuries or millenia, see e.g.
Marengo et al. 2001) that may be independent from what
happens in the internal layers. One has to notice that, in
the BKR1 & BKR2 classification in CV classes, the com-
plex behaviour of the C/O ratio shows an increase with
class number and with decreasing Teff , down to about
2500K; Miras (classes CV5−CV6) occupy regions with
higher C/O ratios than SRa,b stars (classes CV3+ and
CV4). This fact, and the gradual SED changes we see (Fig.
3), with smooth transitions from Semiregulars to Miras
and then to post-AGBs, leads to the conclusion that, at
least on average, most Miras are in an evolutionary stage
subsequent to semiregulars. Oscillations between the two
types should exist, but the final evolutionary stages should
be more heavily populated by Mira-like variables.
SEDs like those of Figure 3 were the base for esti-
mating bolometric magnitudes. We used for this the fun-
damental relation of photometry, according to which one
has (see e.g. Glass 1999):
Mbol =
∫ ∞
0
Fνdν + C (1)
where C = −18.98 when the flux is expressed in W/m2.
As a consistency check we derived the zero-magnitude flux
from the data of Bessell et al. (1998), extended from the
U to the Q band, finding C=−19.01, a very good approx-
imation to (1). The bolometric magnitude of AGB stars
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Fig. 5. Panel a): Bolometric corrections for the K magni-
tude as a function of the K–[12.5] colour. They were de-
rived for AGB C-stars with complete SEDs, from 2MASS
and ISO-SWS, up to 45 µm. Panels b) and c): bolomet-
ric corrections for the [8.8] magnitude, as a function of the
mid-IR colour [8.8]–[21.3]. Of the two relations shown, the
one in panel c) is more appropriate for extrapolations to
very red sources, as the cubic spline of panel b) introduces
unwanted biases outside the range shown.
has often been derived from corrections applied to the K
magnitude; these corrections are usually a function of the
K–[12] colour (using e.g. IRAS data, see Le Bertre et al.
2001, 2003). For the sake of comparison, we too present
here ourMbol estimates through bolometric corrections as
a function of the (K–[12.5]) colour. If f is a measure of
the flux in Jy (Tables 1–4):
K = −2.5× log fν,K + 5− 5× log d+ 2.5× log fν,K0(2)
where d is the distance in parsec and fν,K0 is the zero-
magnitude flux in K.
Bolometric corrections derived from equations (1) and
(2) are shown in Fig. 5 (panel a) as a function of the K–
[12.5] colour, together with a fitting formula for extrapola-
tions. Optically-selected sources (in general semi-regular
variables) have small corrections: their flux is well esti-
mated from traditional criteria at short wavelengths, as
most flux is radiated in near-IR. Alternative expressions
of the B.C., as a function of mid-IR colours alone, to be
used for very red sources too faint in near-IR, are pre-
sented in Fig. 5 (panels b, c). Here semiregular variables
are omitted, because of their small IR excess (see Fig. 1).
Finally, we must notice that mid-IR emission from cir-
cumstellar envelopes makes the stars of our sample ap-
pear as black bodies at long wavelengths, apart from the
Fig. 6. Examples of colour-colour diagrams in the IR for
C-rich AGB and post AGB stars.
known typical features of C-rich dust. This is shown in
Fig. 6, where calibrated colour-colour diagrams are shown
for near- and mid-IR filters. In the top panel, adopt-
ing the K−[21.3] colour as baseline, the data points of
known AGBs and of sources (mainly from MSX) of un-
known variability type are almost perfectly aligned on the
blackbody sequence; they should be dominated by cool,
evolved Mira stars with extended dusty envelopes; post-
AGB sources instead display excess emission at 21.3 µm,
which is a well-known property of such C-rich objects
(van Winckel & Reyniers 2000). The bottom panel then
shows that, if only mid-IR is used, including the [11.7] fil-
ter where SiC and PAH features are present, then normal
AGB C stars show excesses in this filter, while post-AGB
C-rich sources gradually move to an excess at 21.3 µm,
while becoming redder. In general, Miras are redder than
semiregulars and Post-AGBs are the reddest sources of
the sample (due to their cold dust). In the evolutionary
hypothesis we have tentatively advanced before (at least
on average), this graph would offer an immediate tool for
classifying the evolutionary status of C-rich circumstellar
envelopes.
5. Bolometric magnitudes, colours and model
comparisons
The magnitudes derived by our analysis are used in Fig.
7, where HR diagrams are presented, using an IR colour
as abscissa. As stated, small symbols refer to stars with
less-accurate distances: they are usually distant post-
AGB objects, or AGBs of unknown variability type. The
dashed area in Fig. 7 represents the zone covered by
standard stellar models with the Schwarzschild’s crite-
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Fig. 7. The HR diagram of observed C stars in near IR,
as compared to the area (dashed) covered by canonical
stellar models (without hbb). The minimum limit for C
star occurrence in the adopted models is indicated
rion for convection, adopting the usual mixing length the-
ory as adapted to stellar physics by Cox & Giuli (1968).
The value of the so-called parameter α (ratio of the
mixing length to the pressure scale height) is α = 2.1
(Straniero et al. 1998). All models considered are from
the FRANEC evolutionary code; they refer to metal-
licities from Z=Z⊙/3 to Z=Z⊙ and include models of
relatively low mass (2 to 3 M⊙) (Straniero et al. 1997;
Gallino et al. 1998; Busso et al. 1999), plus intermediate
mass star models (Domi´nguez et al. 1999; Straniero et al.
2000). As representative cases, we plot explicitly the track
of a 2M⊙ star with Z=Z⊙, and that of a 3 M⊙ star
with Z=Z⊙/3 (heavy lines). As compared to the evolu-
tionary tracks, the data points (which are systematically
displaced at redder colours) show the gradual formation
of cool and dusty circumstellar environments, which recy-
cle part of the stellar flux at longer wavelengths through
the absorption and re-emission mechanisms of dust grains.
For the bluest sources, the displacement in J–K with re-
spect to theoretical predictions might also be due to mod-
els underestimating molecular opacities of C-rich material
(Marigo et al. 2003).
We underline that the models adopted do not as-
sume any overshoot for convection (contrary to, e.g.
Frost & Lattanzio 1996); for the techniques used to com-
pute the convective border see Straniero et al. (2003).
Overshooting from the convective envelope and in gen-
eral an extension of dredge up larger than allowed by
the Schwarzschild’s criterion is even today a common as-
sumption (Herwig 2005). This is usually claimed to be
needed for letting the photospheres become C-rich at low
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Our Sample of C stars
Fig. 8. Top panel: the histogram showing the fractional
number of C stars per magnitude interval in our sam-
ple (230 sources). Bottom panel: same as before, for
the samples of LMC C stars in optical wavelengths
(Costa & Frogel 1996, 887 sources) and in the infrared
(VL2, 29 sources; note that the bin size here is the same
as used by these authors for their data.
luminosities, in order to fulfill constraints like those by
Blanco, Blanco & McCarthy (1980) and Costa & Frogel
(1996), derived by optical and near-IR data, suggesting
average C-star magnitudes below −5. We notice that sim-
ilar works in the optical bands became recently feasible
on other galaxies, and the results were essentially the
same, yielding C-star magnitudes between −4.5 and −5,
again neglecting IR fluxes (Battinelli & Demers 2004a,b;
Demers et al. 2004).
Despite some contrary evidence, which has emerged
from IR studies of Magellanic Clouds and of the Galaxy
(see van Loon et al. (1998), VL1, VL2, BKR2) some theo-
rists assume, even today, that such faint bolometric mag-
nitudes characterize the whole family of C-stars, and
yield a disagreement with stellar models adopting the
Schwarzschild’s criterion (Stancliffe et al. 2005; Herwig
2005). Our data do not support this belief: Fig. 7 re-
veals a substantial agreement of the observed luminosi-
ties with model predictions. Indeed, observed bolometric
magnitudes are mainly concentrated in the range from
−4.5 to −6.4, while models find C stars for Mbol ≤ −4.7
at solar metallicity, and for Mbol ≤ −4.5 at Z = Z⊙/3.
Moreover, in commenting Figs. 1 and 3 we already no-
ticed that the short wavelength filters are insufficient to
estimate the magnitudes of red C-rich sources, enshrouded
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by dust. C-star bolometric magnitudes below Mbol = −5
do exist in LMC (see e.g. van Loon et al. 1997), but they
should not represent the average population. In view of
the fact that optical C(N) sources always show C/O ra-
tios close to 1, this can be easily understood in terms of
evolution: subsequent phases give birth to redder objects,
more C-rich (e.g. classes CV5−CV6 of BKR2), radiating
their flux mainly in mid-IR and having a luminosity func-
tion shifted at higher luminosities (see e.g. VL2).
Compared to previous work on galactic C-rich giants
by BKR1 & BKR2, our sample (with more homogeneous
photometry and with a wider coverage of IR wavelengths)
further emphasizes the importance of high luminosity C-
stars. In the luminosity functions (LFs) of the above au-
thors (see e.g. Figure 5 of BKR1, where the CV sources
with the best distances were plotted) about 43% of CV3–
CV6 sources are brighter than Mbol = −5, while in our
sample (Fig. 8) these account for about 60% of the total
sample; similarly, 33% of CV3–CV6 sources in the quoted
papers lay below Mbol = −4, while in our data their frac-
tional number is about 2%. On the whole, our distribution
is displaced to higher luminosities due to a higher weight
of observations at long wavelengths.
Our sample of galactic stars integrates previ-
ous IR studies on dust-enshrouded C stars in LMC
(van Loon et al. 1998,VL1,VL2). These works were
forcedly restricted to a relatively small number of sources:
in this limit, their bright LF had little overlap with
the fainter one of optically-selected C stars (VL1, VL2).
However, other selection criteria lead to intermediate av-
erage magnitudes (aroundMbol = −5: see Whitelock et al.
2003). Our Fig. 8 now shows that the LF of galactic C stars
is in fact continuous, unique and quite wide. A comparison
with the bottom panel shows that our global distribution
looks pretty much as a superposition, with gaps filled, of
LFs previously obtained for different samples of C stars
in LMC.
As mentioned previously, remaining uncertainties on
bolometric magnitudes for the reddest stars, for which we
have sometimes an incomplete coverage of the IR flux,
would further populate the high-luminosity tail of the his-
togram, making our conclusions even stronger. The few
points we have at low luminosity (Mbol ≥ −4) correspond
to the HC classes of BKR2. We refer to those papers for a
detailed list of the possible physical mechanisms explain-
ing them.
A few sources in Fig. 7 exceed model predictions for
the luminosity. Let us discuss this in some detail. We recall
that a well-defined relation exists on the AGB (Pacz´ynski
1975; Iben & Renzini 1983; Wagenhuber & Groenewegen
1998) between the core mass (mH) and the luminosity
(L). Only if mH reaches the Chandrasekhar limit can an
AGB star attain the (slightly model-dependent) limit of
−7.1m. Values higher than this require an extra source of
energy, as in the case of massive AGB stars (M ≥ 5 M⊙),
which develop very high temperatures at the base of the
convective envelope, allowing the onset of hbb. In models
by Karakas (2003), AGB stars with hbb can in fact reach
Fig. 9. The HR diagram of observed C stars adopting as a
temperature indicator the near-to-mid IR colour K–[12.5],
where contributions from both the photosphere and dust
are present.
Fig. 10. The HR diagram of observed C stars in mid-IR,
adopting the mid-IR colour [8.8]–[21.3] as abscissa.
Mbol ∼ −7.75. Normal AGB stars (i.e. without hbb) must
instead remain well below the mH −L limit, as mH never
reaches the Chandrasekhar limit, due to efficient mass loss.
This is even more true for C stars: very bright
Intermediate Mass Stars (M = 5–9 M⊙) can hardly be-
come carbon rich, even in the absence of hbb, as any 12C
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dredged-up from He-burning layers is diluted over sev-
eral solar masses of oxygen-rich material in the convective
envelope (see e.g. Busso et al. 1999; Gallino et al. 1998;
Abia et al. 2001, 2002).
Recently, C stars more massive than 4–5 M⊙ have
been obtained by Karakas (2003), but only for relatively
low metallicities (Z = 0.004 to Z = 0.008). Such short-
living stars should however be extinct by now. Formation
of very bright C stars is in principle possible in the evo-
lution of high-mass AGB objects (say, 6 to 9 M⊙), when
hbb ceases at the end, and if mass loss suitably limits
the envelope mass, so that the last few thermal pulses
make the photosphere become C rich (Frost et al. 1998;
Karakas & Lattanzio 2003; Karakas 2003). Statistically,
however, these massive C stars should be extremely rare,
both for their low weight in the initial mass function and
for the very short duration of the theoretically permitted
phases. We can further notice that in Fig. 9 all the points
representing known AGB stars with reliable distance es-
timates (large dots) stay (with one exception) below the
limit for moderately massive stars (M ≤ 5M⊙); points
beyond this level can therefore be simply explained as
due to erroneous classifications (C-rich supergiants, e.g. of
Wolf-Rayet type). Alternatively, they might be AGB stars
whose luminosity has been overestimated due to poor dis-
tances or to uncertainties induced by variability.
HR-like diagrams can be constructed also using mid
IR colours that include the effects of dust. An example
is in Fig. 9: it shows that there are no semiregulars or
irregulars for K−[12.5] ≥ 3 and no Miras for K−[12.5] ≤
2; large IR excesses are associated to Mira variability or
to post-AGB stars, or to unknown objects near the AGB
end. Probably, the spread in magnitudes for any colour is
also an outcome of a spread in stellar masses.
An interesting piece of information is added by Fig. 10,
where the HR diagram is constructed using a purely mid-
IR colour as abscissa. Here we are looking only at dust,
photospheres should not be seen: we don’t expect much
further reddening on the emission from dust, which re-
radiates the stellar flux. Indeed, the area covered by known
long period variables is now quite small, defining a narrow
sequence for sources along the AGB, and a limited colour
extension of some more evolved sources, with a maximum
colour for Miras of [8.8]−[21.3] = 2. All known stars redder
than this are post-AGB objects; some unknown sources
observed by MSX are present in the reddest area, and we
suggest that they be classified as stars at the termination
of the AGB stage or above it, in evolution toward the
ejection of a planetary nebula. Large values of the mid-IR
colours are in fact expected when the relatively warm dust
of AGB stars becomes cooler, forming the extended (and
often detached) shells of post-AGB stars.
6. Mass Loss
Consider now Fig. 11 (panel a); it shows the relation be-
tween mass loss rates and bolometric magnitudes. In panel
a), referring to irregulars, semiregulars and Miras, there
is a general increase of mass loss rates with luminosity,
which cannot however be reduced to a simple analytical
formula (as examples, power-law relationships with three
representative exponents have been added). The fact is
that mass loss rates and luminosity should be correlated
as, while becoming more luminous, AGB stars become
also increasingly cool, their pulsation becomes stronger
and both facts should power more intense stellar winds.
The spread in panel a), partially confusing the relation,
should then be ascribed to the presence of other variables,
possibly the mass, and/or the fact that different mecha-
nisms power stellar winds in different evolutionary stages.
This evolutionary hypothesis was suggested by VL2 and
van Loon et al. (2005) as the cause of a spread similar to
the one we show; they in particular indicated that a switch
from single scattering (Jura 1984) to multiple scattering
(Gail & Sedlmayr 1986) of photons on dust grains as the
star evolves can explain mass loss rates in excess of the
momentum of radiation L/c. Notice that the points rep-
resenting Miras stay in the upper part of the diagram,
showing a steeper dependence of mass loss rates on lumi-
nosity. A sharp steepening of mass loss rates, up to a final
superwind phase, is in fact necessary to let the whole en-
velope be ejected before the AGB termination. Including
post-AGB stars and unknown sources in the plot, as done
in Fig. 11, panel b), introduces further complexities. We
believe we have here two problems. On one side, as al-
ready mentioned, the reddest objects radiate part of their
flux at wavelengths longer than 45 µm, so that the lumi-
nosity we estimate for them is only a lower limit. On the
other side, these sources are leaving (or have just left) the
AGB and should have huge circumstellar envelopes with
possibly detached shells escaping our spatial resolution.
Any correlation is then hampered by poor spatial and/or
spectral coverage.
A good monitor of the mass loss rate is instead avail-
able from the IR colours. This is illustrated in Fig. 12. In
particular, when mid-IR colours are used, especially if in-
cluding the 21.3 µm (with the characteristic emission fea-
ture of C-rich post-AGB stars), then the variation of mass
loss rates with the stellar classes (and with evolution, if
the hypothesis that Miras are on average quite evolved
holds) is clearly distinguishable (panel a). All known long
period variables remain at values of the [8.8]−[21.3] µm
colour below 2, while post-AGB objects display much red-
der colours, probably due to cold dust formation. Again,
transition objects exist among the sources of unknown
classification. A similar effect is seen from the K−[21.3]
colour (panel b), but here the separation of post-AGB
stars from the rest is less clear, and a rather continuous
distribution is seen. In general, the growth of the IR excess
linking Miras to post-AGBs seems to be rather smooth,
with no obvious break (e.g. for the superwind phase that
is expected to terminate the AGB evolution).
Data like those discussed in this paper might be useful
to infer which part of the mass return to the interstellar
medium is due to carbon stars. This would require to in-
tegrate the mass lost by AGB stars over an Initial Mass
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Fig. 11. Top panel: the bolometric magnitudes for AGB
C-rich stars of known variability type, as indicated, plot-
ted as a function of mass loss rates. Bottom panel: same
as before, but including unknown and post-AGB sources.
Fig. 12. Relations linking the mass loss rates of C-rich
AGB and post-AGB sources to the IR colours up to 21
µm.
Function and a Star Formation Rate for low and interme-
diate mass stars and to estimate the fractional contribu-
tion of carbon-rich phases. We shall therefore reconsider
this task in a subsequent issue of this analysis, after M
giants are included in the discussion.
7. Conclusions
In this paper we have presented the first issue of a se-
ries of works on the IR properties of galactic AGB and
post-AGB stars, based on archived data from the 2MASS,
MSX (6C Point Source Catalogue) and ISO-SWS experi-
ments. In particular, we analyzed a sample of more than
230 C-rich AGB stars, for which estimates of distances,
mass loss rates and colours from 1 to 21 (and sometimes
45) µm could be collected. We found that uncertainties
still affect distances, except for a limited subset of objects
with astrometric-quality data. Many sources were found
to be extremely red, with SEDs extending to wavelengths
unreachable by ground-based observations: in particular,
we showed that, starting from the Mira stage, AGB car-
bon stars begin to radiate most of their flux beyond 10 µm.
This excludes the possibility of deriving meaningful results
on AGB luminosities by extrapolating fluxes obtained at
optical or near-IR wavelengths (a practice that is unfor-
tunately common even today). Using the best group of
data, for which reliable distances and the whole SEDs up
to 45 µm were available, we derived precise bolometric cor-
rections, to be applied to the other sources, and thus we
constructed the colour-magnitude diagrams in near and
mid IR. The results suggest that AGB carbon stars of
the Galaxy are objects of moderate mass (below about 5
M⊙), and reach bolometric magnitudes between −4.5 and
−6.4. These findings confirm (at a higher metallicity and
with larger statistics) previous suggestions on Magellanic
Clouds by other authors. The luminosities derived are in
good agreement with those predicted by stellar models
using the Schwarzschild’s criterion for convection and are
at odd with the belief (still persisting in some theoreti-
cal studies and population-synthesis works), according to
which observed C-star luminosities would be lower than
predicted by canonical stellar evolution.
We also analyzed mass loss rates and their relation
with the magnitudes: we suggested that correlations be-
tween mass loss and luminosity are hard to derive for
post-AGB objects, probably due to insufficient spatial and
spectral coverage of their emission. For AGB stars in-
stead, correlations of mass loss rates with luminosity ex-
ist, but reveal dependence by more than one parameter.
Here the stellar mass and the activation of different mech-
anisms for powering mass loss should add their effects.
Clearer correlations emerged between the mass loss rates
and the IR colours, especially when the baseline was suf-
ficiently extended in wavelength. These correlations also
provided tools for classifying the evolutionary status of
carbon stars.
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Table 1. Relevant data of our sample of carbon stars with astrometric, or reliable, distance estimates. Here and in
next tables the following rules apply for labelling. i) For the variability type, M means Mira; S means Semiregular;
I means Irregular (P is used for all Post-AGB stars, ”-” for all stars of unknown variability). ii) References for mass
loss are quoted in the following way: B: stands for Bergeat & Chevallier (2005); L is for Loup et al. (1993); G is for
Groenewegen et al. (2002b); Mei1998 is for Meixner et al. (1998); Men2002 for Men’shchikov et al. (2002); S1997 for
Skinner et al. (1997); Jam1991 for Jaminet et al. (1991). iii) References for distance are: B for Bergeat & Chevallier
(2005); L for Loup et al. (1993); G for Groenewegen et al. (2002b); S for Scho¨ier & Olofsson (2001), using methods
from Groenewegen et al. (2002b); S* for the same authors, when using methods from Loup et al. (1993); Mei1998 for
Meixner et al. (1998); Men2002 for Men’shchikov et al. (2002); S1997 for Skinner et al. (1997); Hon2003 for Hony et al.
(2003); Bains2003 for Bains et al. (2003); Phill1998 for Phillips (1998); K: method by Kastner (1992).
IRAS Other Var. Mass Loss Type v d Type J H K 8.8 11.7 12.5 14.6 21.3 Data
name name type [M⊙/yr] ref. [km/s] [kpc] ref. [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] origin
02270−2619 R For M 5.00E-06 B 16.5 0.86 B 32.4 99.0 193 277 262 196 133 80.4 ISO
03229+4721 V384 Per M 5.90E-06 B 15.0 0.72 B 21.6 93.7 231 451 527 373 264 199 ISO
04504+4949 AU Aur M 5.70E-07 B − 1.47 B 13.2 27.5 45.0 16.4 − 16.7 6.1 4.2 MSX
05185+3227 UV Aur M 1.60E-06 B 10.0 1.09 B 39.0 63.5 93.8 50.5 − 37.8 22.2 13.3 MSX
06342+0328 V688 Mon M 2.40E-05 B 13.4 1.37 B 0.27 2.6 12.9 106 − 103 88.8 60.0 MSX
08088−3243 V346 Pup M 3.31E-05 B 20.7 1.12 B 1.5 8.2 33.7 177 − 144 141.2 93.1 MSX
09452+1330 CW Leo M 3.30E-05 B 14.7 0.15 B 2.7 74.9 469 35332 37100 33545 26309 18194 ISO
12447+0425 RU Vir M 2.30E-06 B 18.4 0.68 B 9.7 27.2 82.2 157 172 133 91.6 54.3 ISO
15477+3943 V CrB M 1.30E-06 B 7.5 0.84 B 65.0 134 198 90.0 99.6 62.5 37.7 23.5 ISO
17556+5813 T Dra M 8.20E-06 B 13.5 1.43 B 37.8 107 190 220 243 159 105 67.6 ISO
20396+4757 V Cyg M 6.30E-06 B 11.5 0.74 B 92.1 317 599 758 771 512 345 228 ISO
21320+3850 V1426 Cyg M 5.40E-06 B 14.0 0.82 B 71.9 193 310 238 − 193 150.7 103.3 MSX
21358+7823 S Cep M 2.90E-06 B 22.0 0.50 B 178 403 685 490 455 325 215 121 ISO
23320+4316 LP And M 2.10E-05 B 14.0 0.84 B 0.23 2.9 19.1 599 750 631 516 442 ISO
01246−3248 R Scl S 6.40E-06 B 16.9 0.47 B − 540 743 172 136 93.5 63.1 50.9 ISO
03374+6229 U Cam S 2.00E-06 B 20.6 0.53 B 189 385 417 120 119 85.6 54.9 32.0 ISO
03377+5120 V466 Per S 2.40E-07 B 9.0 0.53 B 132 266 308 69.3 − 45.0 28.4 15.0 MSX
04127+5030 SY Per S 1.50E-06 B 17.5 1.43 B 23.1 62.7 93.6 30.8 − 22.5 10.8 6.3 MSX
04491+3825 V346 Aur S 2.00E-07 B − 1.11 B 91.7 192 185 20.8 − 14.3 7.1 5.6 MSX
05028+0106 W Ori S 3.80E-07 B 11.0 0.41 B 489 941 1028 190 186 124 80.5 43.1 ISO
05238+3406 S Aur S 4.20E-06 B 25.5 1.13 B 17.8 57.1 112 123 − 93.5 58.4 34.3 MSX
05421+2424 TU Tau S 5.70E-07 B − 1.05 B 74.1 149 156 33.6 32.1 28.1 19.7 9.9 ISO
05426+2040 Y Tau S 1.60E-06 B 11.0 0.74 B 242 495 481 136 − 77.8 59.1 36.4 MSX
06077+2601 TU Gem S 4.40E-07 B 11.5 0.52 B 171 327 313 76.7 − 56.4 29.9 15.3 MSX
06192+0722 BN Mon S 4.20E-06 B 24.2 1.28 B 24.9 59.1 78.6 30.4 − 25.4 11.2 7.1 MSX
06197+0327 FU Mon S 2.60E-07 B − 1.45 B 69.9 148 143 16.2 − 10.6 3.8 3.7 MSX
06315+1606 CR Gem S 8.40E-07 B 14.9 0.92 B 59.2 158 162 44.8 − 36.7 15.6 14.2 MSX
06556+0614 RV Mon S 1.70E-07 B − 0.67 B 59.0 112 126 26.5 − 31.5 14.7 8.2 MSX
06585−0310 V614 Mon S 1.50E-08 B − 0.48 B 81.6 122 131 26.8 − 16.5 9.0 3.6 MSX
07045−0728 RY Mon S 5.90E-07 B 11.0 0.69 B 132 255 277 66.2 − 44.6 24.5 13.5 MSX
08525+1725 X Cnc S 6.20E-07 B 7.0 0.71 B 376 653 629 − − − − − −
− Y Hya S 3.70E-07 B 9.0 0.49 B 200 364 413 90.5 − 52.1 35.1 17.9 MSX
09582−5958 SZ Car S 4.60E-07 B 14.0 0.37 B 83.2 146 153 30.1 − 20.1 9.2 6.9 MSX
12226+0102 SS Vir S 3.60E-07 B 12.5 0.56 B 81.9 193 310 103 105 62.2 34.4 24.6 ISO
12427+4542 Y CVn S 1.40E-07 B 8.5 0.26 B 641 1331 1316 205 162 85.7 53.8 33.5 ISO
12544+6615 RY Dra S 4.40E-07 B 10.0 0.55 B 218 425 464 127 93.6 73.1 50.4 24.7 ISO
15096−6009 AS Cir S 7.80E-07 B − 0.93 B 56.6 134 167 62.5 − 44.9 21.6 10.9 MSX
17441−3541 SX Sco S 3.80E-07 B − 0.83 B 91.4 181 185 37.8 − 25.4 14.2 7.1 MSX
18476−0758 S Sct S 5.60E-06 B 17.3 0.58 B 191 358 374 63.1 53.5 48.2 28.0 18.0 ISO
19017−0545 V Aql S 6.60E-07 B 8.5 0.56 B 281 575 740 144 117 93.6 66.4 42.2 ISO
19390+3229 TT Cyg S 1.20E-07 B 13.5 0.62 B 52.6 99.4 110 19.1 12.8 10.9 7.5 4.8 ISO
20115+3834 RS Cyg S 2.00E-07 B − 0.65 B 83.2 165 198 41.8 − 24.9 14.3 8.2 MSX
21168−4514 T Ind S 1.70E-07 B 6.0 0.65 B 257 419 397 53.7 38.7 30.7 22.9 12.5 ISO
21399+3516 V460 Cyg S 4.50E-07 B 10.0 0.64 B 303 599 520 84.6 67.9 53.5 34.6 19.1 ISO
23587+6004 WZ Cas S 1.30E-07 B 3.8 0.65 B 182 330 353 53.5 30.1 23.4 18.3 13.7 ISO
03075+5742 V623 Cas I 1.10E-07 B − 0.51 B 114 213 219 43.1 29.3 25.4 19.4 7.5 ISO
05449+3036 FU Aur I 2.80E-07 B − 1.29 B 49.5 92.0 96.4 17.6 − 12.8 6.2 3.1 MSX
06225+1445 BL Ori I 2.50E-07 B 9.0 0.60 B 212 405 328 52.7 − 32.1 18.6 10.6 MSX
07057−1150 W CMa I 6.10E-07 B 10.5 0.79 B 178 298 295 53.6 − 35.8 23.5 13.2 MSX
12465−6129 RX Cru I 6.20E-07 B − 0.85 B 65.7 149 182 52.1 − 36.7 18.7 11.3 MSX
17172−4020 V1079 Sco I 1.20E-06 B − 0.92 B 88.2 214 264 58.2 86.7 54.8 30.1 20.7 ISO
18040−0941 FX Ser I 3.10E-05 B 28.4 1.23 B 2.2 13.3 55.4 − − − − − −
18155−1327 ES Ser I 3.00E-07 B − 0.91 B 53.1 119 145 40.2 − 27.1 15.0 7.8 MSX
18306+3657 T Lyr I 8.00E-07 B 11.5 0.65 B 187 430 504 121 69.4 41.9 29.9 24.0 ISO
18448+0523 DR Ser I 1.00E-06 B 20.1 1.29 B 46.7 104 123 23.9 − 15.4 7.7 4.7 MSX
19147+2149 CG Vul I 3.30E-07 B − 0.81 B 41.1 87.2 112 38.8 − 23.9 14.1 7.6 MSX
21553+5015 LW Cyg I 3.50E-07 B − 1.09 B 36.0 81.3 110 31.1 − 19.2 9.3 5.4 MSX
22423+6127 DG Cep I 2.30E-07 B − 0.80 B 48.8 102 119 26.1 − 18.0 9.0 3.8 MSX
23438+0312 TX Psc I 3.20E-07 B 10.7 0.32 B 529 1038 1065 160 103 82.8 60.4 35.5 ISO
04395+3601 RAFGL 618 P 2.00E-04 Mei1998 19.5 1.70 Mei1998 < 0.01 0.03 0.20 193 400 450 651 1260 ISO
06176−1036 Red Rectangle P 1.00E-04 Men2002 5.0 0.71 Men2002 3.7 9.0 23.0 323 380 369 377 472 ISO
− RAFGL 2688 P 7.00E-05 S1997 19.5 1.20 S1997 < 0.01 0.19 0.19 170 619 749 1253 3496 ISO
− NGC 7027 P 1.60E-04 Jam1991 18.6 0.65 Bains2003 0.23 1.0 1.6 133 357 332 447 1005 ISO
21282+5050 − P − − − 2.00 Mei1998 0.04 0.05 0.10 27.9 60.7 61.4 64.1 64.8 ISO
21306+4422 IC 5117 P − − − 10.23 Phill1998 0.05 0.05 0.11 6.7 12.9 11.4 14.3 33.5 ISO
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Table 2. Relevant data for AGB C stars of known variability type with non-astrometric distances.
IRAS Other Var. Mass Loss Type v d Type J H K 8.8 11.7 12.5 14.6 21.3 Data
name name type [M⊙/yr] ref. [km/s] [kpc] ref. [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] origin
01080+5327 HV Cas M 3.23E-06 G 22.6 0.97 S 9.3 27.9 68.8 103 104 77.7 51.4 25.3 ISO
02293+5748 V596 Per M 9.75E-06 L 14.2 2.04 G < 0.01 < 0.01 < 0.01 72.0 101 82.7 69.2 70.0 ISO
05405+3240 V370 Aur M 2.40E-05 L 28.0 2.01 G 0.05 0.53 3.6 248 − 202 227.5 147.8 MSX
06226−0905 V636 Mon M 5.80E-06 L 25.2 0.88 L 8.2 29.5 73.2 159 150 108 73.9 46.2 ISO
06268+0849 V477 Mon M 1.33E-05 L 33.0 3.36 G 0.55 2.6 9.7 64.0 − 51.2 38.0 24.6 MSX
06447+0817 V840 Mon M 1.47E-05 G 24.4 4.62 G 0.23 1.1 4.1 33.1 − 29.9 19.8 12.4 MSX
06529+0626 CL Mon M 2.73E-06 L 26.1 0.77 S 26.8 79.9 144 112 − 42.2 16.5 12.2 MSX
11514−5841 V875 Cen M 1.84E-05 G 17.8 3.80 G 0.15 0.13 0.22 41.2 − 44.8 35.4 27.3 MSX
18240+2326 V1076 Her M 6.30E-06 L 16.1 0.92 G 0.01 0.33 3.8 404 478 437 367 335 ISO
18397+1738 V821 Her M 6.44E-06 L 14.2 0.90 G 8.2 42.9 134 − − − − − −
18398−0220 V1417 Aql M 1.39E-05 L 35.3 0.95 G 0.02 0.04 0.04 378 414 332 251 187 ISO
19248+0658 V1421 Aql M 4.90E-06 G 16.1 2.02 G 2.2 8.9 24.0 71.8 84.6 61.6 42.2 27.3 ISO
19321+2757 V1965 Cyg M 1.36E-05 L 25.7 1.36 G 0.41 3.5 16.7 140 − 243 240.1 155.7 MSX
19419+3222 V1991 Cyg M 3.87E-06 G 19.4 3.85 G 12.7 24.3 38.3 40.3 − 36.9 19.1 10.7 MSX
19537+2212 V359 Vul M 1.86E-06 G 15.1 1.47 G 3.0 11.7 37.5 94.2 − 68.3 46.1 27.2 MSX
19559+3301 KL Cyg M 9.90E-06 G 18.6 4.57 G 11.7 30.8 53.0 47.9 − 39.5 23.4 13.2 MSX
20072+3116 V1969 Cyg M 2.05E-05 G 25.6 1.76 G 0.81 5.4 17.9 207 − 147 129.5 89.0 MSX
21366+4529 V1568 Cyg M 5.34E-06 G 20.2 2.31 G 0.82 3.2 8.8 36.2 − − − − MSX
21377+5042 V2345 Cyg M 4.91E-06 G 18.0 2.29 G 0.09 0.68 3.1 106 − 86.4 73.9 55.3 MSX
21440+7324 PQ Cep M 1.33E-06 L 21.7 0.39 S 66.8 183 288 155 147 95.0 57.4 33.4 ISO
21449+4950 V2358 Cyg M 5.48E-06 L 17.3 3.11 G 0.02 0.19 1.1 37.5 − 36.9 26.3 21.6 MSX
22241+6005 V384 Cep M 3.29E-05 L 34.2 1.96 G 0.44 3.8 14.8 155 − 127 117.3 82.1 MSX
23257+1038 IZ Peg M 7.04E-06 L 10.1 1.61 G < 0.01 0.03 0.29 151 194 167 130 106 ISO
23491+6243 V955 Cas M 1.96E-05 G 21.7 3.71 G 0.02 0.15 0.91 37.7 − 34.8 23.5 15.6 MSX
00172+4425 VX And S 1.40E-07 B 11.5 0.56 S 84.7 179 222 68.5 43.5 31.7 23.1 14.4 ISO
18234−2206 V2548 Sgr S 1.31E-05 G 23.8 2.90 G 25.5 63.0 90.9 68.5 − 66.6 45.3 46.0 MSX
18401+2854 FI Lyr S 3.82E-06 L 12.3 0.88 L 244 365 345 49.0 67.0 62.3 46.6 39.0 ISO
21070+4711 V573 Cyg S 6.83E-06 G 21.1 3.26 G 4.8 12.9 21.2 22.6 − 22.6 10.6 6.8 MSX
07270−1921 V569 Pup I 4.40E-06 L 25.5 1.10 L 6.0 18.2 47.6 127 − 83.5 53.3 29.5 MSX
21035+5136 V1549 Cyg I 2.61E-06 L 11.4 1.30 G 2.2 13.8 50.9 163 − 146 128.2 79.9 MSX
23174+5941 V571 Cas I 4.40E-06 L 14.5 4.58 G 0.26 1.4 4.6 38.9 − 33.7 19.5 12.5 MSX
01144+6658 V829 Cas P 2.45E-05 L 18.2 2.79 G 0.01 0.02 0.01 43.3 75.0 82.3 96.3 110 ISO
07134+1005 HD 56126 P 2.23E-05 L 10.7 2.40 Hon2003 2.9 2.1 1.5 7.4 29.7 33.2 42.0 116 ISO
08544−4431 − P 1.08E-06 G 8.2 1.98 G 9.5 13.1 25.9 137 − 121 143.6 134.2 MSX
19008+0726 V1418 Aql P 4.41E-06 L 18.2 0.95 G 1.4 9.5 46.0 137 − 346 363.5 184.6 MSX
21318+5631 RAFGL 5625S P 1.66E-05 L 16.9 1.77 G 0.03 0.03 0.02 110 178 169 174 192 ISO
22272+5435 V354 Lac P 5.00E-05 K 10.6 2.35 L 11.3 11.3 10.5 26.7 99.4 95.4 97.6 227 ISO
23166+1655 LL Peg P 9.12E-06 L 14.1 1.00 G 0.09 0.09 0.07 268 408 441 507 535 ISO
03192+5642 KX Cam M − − − − − 0.61 3.0 8.2 25.1 − 24.6 12.5 9.2 MSX
− IY Hya I − − − − − 6.8 35.0 109 293 − 222 197.8 117.3 MSX
05251−1244 ZZ Lep P − − − − − 0.19 0.13 0.16 9.9 40.8 47.0 37.9 119 ISO
07027−7934 GLMP 170 P − − − − − 0.03 0.09 0.32 20.2 21.2 19.5 27.5 61.7 ISO
17028−1004 Butterfly Nebula P − − − − − 0.05 0.22 1.1 33.4 43.3 41.4 40.0 52.5 ISO
17047−5650 V837 Ara P − − − − − 0.25 0.41 1.2 130 157 152 138 247 ISO
19327+3024 V1966 Cyg P − − − − − 0.30 0.21 0.38 50.3 94.3 106 96.8 198 ISO
19454+2920 GLMP 950 P − − − − − 0.03 0.05 0.05 3.6 13.8 22.2 41.9 85.6 ISO
19477+2401 GLMP 952 P − − − − − 0.01 0.05 0.10 4.0 − 17.3 19.1 34.3 MSX
19480+2504 GLMP 953 P − − − − − < 0.01 < 0.01 < 0.01 7.6 18.9 19.8 30.5 41.1 ISO
20000+3239 GLMP 963 P − − − − − 0.99 1.5 1.6 7.3 19.2 19.5 21.9 51.7 ISO
23304+6147 GLMP 1078 P − − − − − 0.63 0.75 0.69 5.0 15.3 15.4 16.9 51.2 ISO
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Table 3. Relevant data for AGB C stars of unknown variability type and with non-astrometric distances. First part.
IRAS Other Var. Mass Loss Type v d Type J H K 8.8 11.7 12.5 14.6 21.3 Data
name name type [M⊙/yr] ref. [km/s] [kpc] ref. [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] origin
01105+6241 NSV 438 − 1.48E-06 L 23.3 0.67 S* 20.3 74.9 160 136 − 89.3 62.1 33.9 MSX
01142+6306 CGCS 201 − 2.09E-05 L 16.5 4.49 G < 0.01 0.02 0.16 16.7 − 20.0 12.8 9.0 MSX
01443+6417 RAFGL 248 − 1.75E-05 G 30.5 2.49 G 1.6 6.5 13.0 61.6 − 49.7 32.8 20.2 MSX
03096+5839 CGCS 458 − 9.40E-06 L 14.0 4.90 L 0.12 0.57 1.9 12.9 − 14.9 8.2 6.3 MSX
03277+5120 − − 5.63E-06 G 17.1 4.93 G 0.14 0.67 2.6 12.9 − 13.1 6.4 − MSX
03293+6038 − − 3.49E-05 G 21.0 3.61 G < 0.01 0.02 0.20 − − 35.2 22.1 16.8 MSX
03301+5658 − − 1.98E-05 L 17.0 6.98 G < 0.01 < 0.01 0.10 25.9 − 30.2 22.7 18.1 MSX
03313+6058 − − 8.81E-06 L 13.9 5.24 G < 0.01 < 0.01 < 0.01 25.3 35.4 33.5 33.1 38.4 ISO
03385+5927 − − 6.45E-06 G 16.5 3.21 G 0.01 0.13 0.92 61.8 − 51.2 35.3 26.3 MSX
04340+4623 RAFGL 6316S − 1.48E-05 L 15.5 4.22 G < 0.01 0.05 0.44 50.3 − 51.2 41.9 30.4 MSX
04369+4501 − − 1.46E-05 G 20.9 4.92 G 0.14 0.82 3.1 21.2 − 20.8 11.8 7.6 MSX
04449+4951 − − 8.86E-06 G 40.0 2.07 G 2.4 9.4 19.1 51.5 − − − − MSX
04530+4427 RAFGL 6319S − 1.46E-05 L 20.2 2.60 G < 0.01 0.03 0.35 62.5 − 63.9 62.0 51.2 MSX
06183+1135 RAFGL 918 − 1.25E-06 G 18.6 1.84 G 2.4 8.7 18.3 53.3 − 41.7 25.7 16.2 MSX
06206+0931 CGCS 1252 − 2.26E-06 L 10.0 3.22 G 0.98 4.6 13.0 48.8 − 41.6 20.5 13.4 MSX
06238+0904 RAFGL 940 − 7.05E-06 L 16.0 3.86 G 0.57 3.2 11.7 74.2 78.9 55.1 39.9 27.1 ISO
06344−0124 − − 1.04E-05 G 17.7 5.05 G − < 0.01 − 11.6 − 18.9 14.0 12.7 MSX
06462−4157 − − 2.73E-06 G 7.6 4.53 G 116 176 172 32.9 − 30.0 20.1 16.1 MSX
06471+0301 RAFGL 1017 − 7.02E-06 G 19.9 3.42 G 1.1 5.5 15.7 65.7 − 54.0 30.8 18.8 MSX
06487+0551 RAFGL 1020 − 1.69E-06 G 11.0 2.59 G 0.93 4.6 12.3 61.3 − 48.2 31.4 19.6 MSX
06505−0450 − − 6.27E-06 L 12.0 5.00 G 0.01 0.01 0.01 25.4 − 28.9 21.6 16.3 MSX
06531−0216 RAFGL 1039 − 4.60E-06 L 29.0 1.30 L 0.72 3.2 11.1 73.3 − 47.6 29.7 16.5 MSX
06564+0342 RAFGL 5215 − 6.26E-06 L 9.9 3.49 G 0.28 1.5 5.8 63.7 − 50.8 34.9 25.2 MSX
06582+1507 − − 2.52E-05 L 14.7 4.70 G − − < 0.01 41.4 62.1 62.8 62.5 67.6 ISO
07080−0106 − − 9.20E-06 G 25.4 3.63 G 0.04 0.30 1.5 17.4 − 18.6 10.3 9.7 MSX
07085−0018 RAFGL 5225 − 3.38E-05 G 20.3 3.87 G 0.12 0.91 4.2 45.5 − 41.9 27.1 18.7 MSX
07170+0721 − − 5.20E-06 G 17.6 3.94 G 0.05 0.36 1.9 34.9 − 32.5 20.8 14.1 MSX
07217−1246 RAFGL 5230 − 4.36E-06 L 24.9 1.86 G 0.48 2.6 9.3 86.5 − 66.8 48.7 36.3 MSX
07368−2833 − − 2.50E-05 G 19.7 3.86 G 0.15 1.1 4.7 23.7 − 24.5 14.9 10.0 MSX
07434−1847 − − 1.53E-05 L 14.5 5.29 G < 0.01 < 0.01 < 0.01 10.9 − 15.9 10.3 9.3 MSX
07546−2551 − − 1.61E-05 G 20.2 6.26 G 0.10 0.31 − 17.9 − 17.4 8.9 6.1 MSX
08050−2838 RAFGL 5240 − 6.56E-06 L 15.0 2.55 G 0.29 2.2 9.4 56.0 − 46.9 31.2 22.5 MSX
08074−3615 − − 1.29E-05 L 17.3 2.10 G < 0.01 0.01 0.24 160 − 148 159.6 137.6 MSX
08086−3905 − − 1.97E-05 G 17.0 4.44 G < 0.01 < 0.01 0.06 25.5 − 32.3 24.8 20.7 MSX
08119−3627 − − 8.37E-06 G 19.0 2.83 G 0.35 1.8 6.9 34.6 − 30.5 17.7 11.1 MSX
08191−3653 − − 1.11E-05 L 18.0 4.31 G < 0.01 0.01 0.18 32.0 − 36.8 26.3 19.6 MSX
08305−3314 − − 1.35E-04 G 28.7 4.21 G < 0.01 < 0.01 0.03 18.2 − 29.7 18.6 17.2 MSX
08340−3357 RAFGL 5251 − 9.11E-06 G 22.5 1.91 G 0.17 1.3 7.4 72.5 − 47.1 20.8 17.8 MSX
08353−3424 − − 4.77E-06 G 22.0 2.54 G 0.68 2.9 8.7 50.5 − 24.7 12.3 6.8 MSX
08534−5055 − − 4.91E-05 G 26.6 3.10 G < 0.01 0.03 0.37 30.1 − 35.7 28.5 21.8 MSX
08535−4724 − − 6.85E-06 G 17.1 3.17 G < 0.01 0.08 0.76 37.2 − 42.8 33.8 25.5 MSX
09176−5147 − − 1.06E-05 G 23.7 3.28 G 0.02 0.19 1.2 36.6 − 32.3 21.2 14.4 MSX
09178−5556 − − 4.00E-05 G 20.1 6.40 G < 0.01 0.05 0.33 16.8 − 20.6 11.4 8.7 MSX
09317−5116 − − 2.29E-05 G 11.4 4.37 G < 0.01 < 0.01 < 0.01 35.5 − 45.7 39.7 31.7 MSX
09496−5050 − − 2.78E-05 G 25.4 4.62 G < 0.01 < 0.01 0.04 23.5 − 32.3 20.6 16.5 MSX
09513−5324 − − 2.02E-05 G 20.0 1.97 G 0.04 0.43 2.7 206 − 153 135.6 94.3 MSX
09533−6021 − − 2.20E-05 G 19.9 4.51 G 0.02 0.15 0.84 37.9 − 16.2 12.6 10.4 MSX
10098−5742 − − 1.29E-05 G 15.2 4.02 G 0.01 0.13 0.87 42.0 − 45.3 35.6 23.9 MSX
11073−6325 − − 7.62E-06 G 11.8 5.40 G 0.01 0.13 0.79 40.0 − 36.2 22.2 15.5 MSX
11145−6534 − − 1.66E-05 G 18.5 1.83 G 0.41 3.8 15.7 93.9 − 64.9 30.8 31.3 MSX
11186−5528 − − 1.03E-05 G 17.2 1.45 G 1.4 5.6 24.1 97.2 − 121 90.3 − MSX
12142−6410 − − 6.43E-05 G 34.0 5.25 G 1.0 3.9 8.9 21.9 − 22.1 14.0 10.3 MSX
12298−5754 RAFGL 4151 − 1.81E-05 G 20.2 2.02 G 0.13 0.91 5.4 107 − 87.1 71.2 48.8 MSX
12397−6447 − − 3.38E-05 G 24.5 5.29 G 0.05 0.10 0.09 46.2 − 44.3 32.4 23.7 MSX
12419−6058 − − 3.17E-05 G 15.2 3.36 G < 0.01 < 0.01 0.04 54.2 − 67.3 69.1 57.9 MSX
12562−6003 − − 1.42E-05 G 18.5 4.24 G − 0.12 0.96 26.2 − 29.6 20.9 15.1 MSX
12595−6035 − − 4.06E-05 G 16.6 6.53 G 0.01 0.13 0.78 14.6 − 16.7 10.2 7.4 MSX
13031−5743 − − 4.79E-06 G 10.9 3.41 G 2.1 8.2 20.1 30.9 − 26.6 14.4 10.1 MSX
13045−6404 − − 1.95E-05 G 13.6 3.77 G < 0.01 0.01 0.11 30.9 − 37.5 31.4 22.7 MSX
13343−5807 − − 4.77E-06 G 13.0 3.13 G 0.38 2.5 10.7 95.3 − 81.8 61.7 45.7 MSX
13509−6348 − − 4.06E-06 G 8.3 3.00 G 0.14 0.27 0.27 51.2 − 48.9 36.6 26.5 MSX
14404−6320 − − 8.22E-06 G 16.8 3.33 G < 0.01 0.05 0.53 53.2 − 52.3 39.1 26.3 MSX
14443−5708 − − 2.72E-05 G 26.6 4.09 G < 0.01 0.02 0.19 21.7 − 27.4 19.5 14.9 MSX
14484−6152 RAFGL 4202 − 3.92E-06 G 19.0 0.57 G 0.97 7.9 36.1 160 − 432 523.3 341.8 MSX
14521−6058 − − 2.28E-05 G 24.8 4.25 G 0.14 0.87 3.3 33.8 − 27.0 15.2 9.8 MSX
15043−5438 − − 6.94E-06 G 17.9 2.32 G 0.15 1.0 5.2 58.3 − 49.4 34.6 21.4 MSX
15054−5458 − − 6.19E-05 G 21.4 5.25 G 0.08 0.16 0.16 8.9 − 17.5 17.2 16.0 MSX
15084−5702 − − 9.55E-06 L 26.0 2.75 G < 0.01 < 0.01 < 0.01 63.0 − 66.9 63.1 48.6 MSX
15471−5644 − − 1.26E-05 G 21.7 2.41 G 0.03 0.04 0.04 45.7 − 70.6 91.1 88.1 MSX
15488−4928 − − 2.23E-05 G 22.6 2.75 G 0.50 2.7 7.6 80.8 − 75.7 67.0 53.9 MSX
16079−4812 − − 2.26E-05 G 14.5 2.08 G < 0.01 0.13 1.6 165 − 141 141.9 105.4 MSX
16123−4654 − − 9.41E-06 G 11.7 4.28 G 0.01 0.18 1.1 49.1 − 44.8 29.0 17.6 MSX
16171−4759 − − 2.17E-05 G 23.3 3.14 G 0.31 1.8 6.4 42.4 − 39.4 27.8 18.6 MSX
16296−4417 − − 1.32E-05 G 19.6 4.41 G < 0.01 < 0.01 < 0.01 29.8 − 34.9 26.5 20.0 MSX
16298−5349 − − 1.92E-05 G 20.2 4.76 G 0.15 0.97 3.5 37.8 − 33.3 22.6 15.9 MSX
16304−3831 − − 2.47E-06 G 9.7 4.83 G 67.4 122 121 25.5 − 23.9 15.5 10.9 MSX
16469−4753 − − 1.49E-05 G 17.5 5.27 G < 0.01 0.11 0.67 54.2 − 59.7 57.6 62.7 MSX
16562−5039 − − 6.32E-06 G 19.7 2.62 G 0.13 0.74 3.5 50.7 − 42.9 25.3 − MSX
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Table 4. Relevant data for AGB C stars of unknown variability type and with non-astrometric distances. Second
part.
IRAS Other Var. Mass Loss Type v d Type J H K 8.8 11.7 12.5 14.6 21.3 Data
name name type [M⊙/yr] ref. [km/s] [kpc] ref. [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] [Jy] origin
17050−4642 − − 6.42E-06 G 11.7 5.44 G < 0.01 < 0.01 < 0.01 12.1 − 16.7 11.5 8.5 MSX
17079−3243 − − 1.49E-05 G 25.6 1.55 G 1.9 7.5 29.0 174 − 135 110.6 64.9 MSX
17217−3916 − − 1.60E-06 L 8.8 2.40 L < 0.01 0.18 1.7 55.6 − 59.3 49.2 38.3 MSX
17278−3937 − − 6.82E-06 G 27.7 3.32 G 4.7 13.7 32.5 34.3 − 33.6 16.9 10.8 MSX
17309−3412 − − 1.56E-05 G 16.8 5.24 G 0.07 0.25 0.62 41.2 − 43.8 38.3 25.8 MSX
17375−3652 RAFGL 5369 − 4.29E-05 G 22.5 2.65 G < 0.01 < 0.01 0.16 68.1 − 69.4 72.7 61.8 MSX
17547−3249 − − 1.07E-05 G 12.0 5.90 G 0.08 0.10 0.08 26.1 − 33.1 27.5 21.3 MSX
17581−1744 RAFGL 2047 − 1.14E-05 L 19.7 2.85 G 1.6 7.8 19.8 87.6 − 68.6 48.1 32.2 MSX
17583−2201 − − 3.60E-06 L 12.4 2.90 L < 0.01 0.02 0.03 9.4 − 23.5 27.9 29.6 MSX
18030−1707 − − 1.33E-05 G 17.4 5.27 G 0.05 0.10 0.11 21.9 − 23.0 12.9 9.0 MSX
18036−2344 RAFGL 5440 − 3.09E-05 G 21.7 2.25 G 0.21 2.9 14.3 86.5 − 76.0 66.8 45.8 MSX
18100−1420 − − 5.80E-06 L 18.0 3.70 L 0.22 0.62 0.80 69.8 − 67.1 53.9 36.6 MSX
18119−2244 RAFGL 2096 − 8.22E-06 G 17.8 2.45 G 0.01 0.21 − 140 − 109 93.4 61.1 MSX
18147−2215 RAFGL 2110 − 2.31E-05 G 20.9 3.40 G 0.01 0.26 2.8 75.2 − 72.5 65.1 47.8 MSX
18156−0653 RAFGL 2118 − 6.62E-06 G 20.0 1.69 G 2.2 9.9 31.7 96.7 − 76.5 45.6 23.2 MSX
18239−0655 RAFGL 2154 − 1.77E-05 L 27.0 1.64 G 0.16 1.9 11.9 143 − 122 118.7 85.4 MSX
18244−0108 − − 4.64E-06 G 16.8 3.23 G 3.1 9.6 25.3 22.1 − 20.0 9.2 6.9 MSX
18244−0815 − − 1.22E-05 L 21.5 3.93 G 0.03 0.25 1.6 48.3 − 46.0 31.4 22.0 MSX
18248−0839 − − 3.08E-06 L 16.1 2.10 G < 0.01 0.05 0.56 104 − 97.3 84.6 60.4 MSX
18269−1257 − − 7.86E-06 L 19.5 3.06 G < 0.01 0.04 0.41 48.0 − 49.9 39.7 27.7 MSX
18301−0656 − − 1.10E-06 L 20.0 1.80 L 4.7 13.5 20.8 51.7 − 55.4 41.9 30.9 MSX
18320−0352 RAFGL 7012S − 1.93E-05 L 22.5 3.67 G < 0.01 < 0.01 < 0.01 73.0 − 71.3 65.8 49.4 MSX
18356−0951 − − 1.43E-05 G 28.2 3.16 G 0.10 − − 29.6 − 32.0 19.6 12.9 MSX
18367−0452 − − 5.80E-06 L 16.0 2.50 L < 0.01 0.01 0.01 46.8 − 52.1 44.2 33.6 MSX
18369−1034 − − 8.77E-06 L 13.5 4.75 G < 0.01 0.05 0.45 38.5 − 40.5 28.3 22.6 MSX
18400−0704 − − 3.38E-06 L 14.5 4.57 G 0.11 0.23 0.24 22.5 − 26.0 17.8 13.5 MSX
18424+0346 − − 1.43E-05 L 20.0 3.17 G 0.13 0.78 3.6 80.8 − 62.9 43.3 26.0 MSX
18464−0656 RAFGL 2256 − 4.62E-06 G 15.4 2.94 G < 0.01 < 0.01 0.10 43.5 56.9 58.2 55.6 50.7 ISO
18475+0926 RAFGL 2259 − 9.39E-06 L 21.8 1.62 G 0.02 0.14 1.1 176 − 156 161.8 111.6 MSX
19029+0839 − − 1.90E-06 L 25.0 2.00 L 0.05 0.47 2.3 24.2 − 23.5 14.0 9.1 MSX
19029+0808 RAFGL 2316 − 1.31E-05 L 17.0 2.90 G < 0.01 0.08 1.1 119 − 96.3 87.8 60.0 MSX
19068+0544 − − 1.71E-05 L 20.5 3.25 G 2.9 13.7 39.1 34.9 44.6 36.5 26.2 19.9 ISO
19108+1155 − − 1.29E-05 G 26.6 3.05 G 0.30 1.8 6.6 30.8 − 27.9 16.1 9.4 MSX
19238+1159 − − 7.97E-06 G 16.2 3.83 G < 0.01 < 0.01 < 0.01 47.7 − 65.0 71.4 54.9 MSX
19253+1918 − − 2.35E-05 G 25.0 5.54 G < 0.01 0.02 0.03 18.7 − 23.3 15.4 11.0 MSX
19296+2227 − − 1.22E-05 G 11.4 5.10 G 1.7 5.7 9.5 26.7 − 33.4 32.0 34.7 MSX
19304+2529 − − 1.54E-06 G 16.5 4.73 G < 0.01 < 0.01 < 0.01 16.8 − 29.6 30.6 27.7 MSX
19346+1209 − − 1.84E-05 L 13.3 4.57 G 0.05 0.43 2.5 57.4 − 50.1 36.0 24.5 MSX
19417+3053 − − 1.02E-05 G 18.8 5.15 G 0.02 0.12 0.49 13.5 − 16.0 10.6 8.1 MSX
19457+2346 RAFGL 2457S − 2.36E-05 G 22.0 3.89 G < 0.01 0.03 0.26 44.6 − 45.8 33.9 22.2 MSX
19485+3235 − − 2.48E-05 G 20.5 4.66 G 0.05 0.09 0.08 27.9 − 30.4 21.5 15.7 MSX
19523+2414 − − 2.89E-05 G 22.2 5.20 G 0.02 0.29 1.7 26.3 − 27.0 15.1 8.5 MSX
19524+2130 − − 2.25E-05 G 21.2 5.50 G 0.46 2.4 6.6 15.9 − 18.2 8.9 6.3 MSX
19548+3035 RAFGL 2477 − 7.44E-05 L 33.7 3.38 G 0.13 0.26 0.28 49.7 84.1 85.5 95.3 108 ISO
19552+3142 − − 1.23E-05 G 27.2 4.21 G < 0.01 0.07 0.45 42.9 − 42.4 30.1 20.9 MSX
19558+3333 − − 1.90E-05 G 19.2 4.22 G < 0.01 < 0.01 0.01 32.6 − 35.2 33.6 27.8 MSX
20014+2830 − − 2.74E-05 G 22.4 5.21 G < 0.01 < 0.01 0.02 14.2 − 19.9 14.1 11.2 MSX
20159+3134 − − 6.48E-05 G 28.3 5.24 G 0.02 0.27 1.9 19.1 − 20.7 12.5 8.5 MSX
20200+3624 − − 1.18E-05 G 23.5 3.96 G 0.51 3.1 9.6 19.3 − 20.0 10.2 6.4 MSX
20204+2914 − − 1.44E-05 G 15.8 3.97 G 0.01 0.17 1.4 29.8 − 31.3 19.9 14.3 MSX
20282+3604 − − 1.55E-06 G 18.2 3.35 G 0.19 1.4 5.5 43.7 − 41.5 24.9 15.3 MSX
20311+4222 RAFGL 2604 − 4.87E-06 G 13.1 2.15 G 0.02 0.37 3.1 68.7 − 61.0 53.8 34.8 MSX
20323+3153 − − 2.73E-06 G 14.0 4.01 G 0.36 1.9 6.7 28.5 − 28.0 16.2 11.3 MSX
20435+3825 − − 3.26E-06 L 20.6 1.90 G 0.02 0.30 2.1 114 − 88.3 77.2 49.4 MSX
20461+4817 − − 6.00E-05 G 31.2 5.64 G < 0.01 0.06 0.40 25.3 − 26.1 17.5 10.8 MSX
20596+3833 − − 2.16E-05 G 27.4 4.00 G 0.03 0.26 1.4 30.3 − − − − MSX
21003+4801 − − 5.72E-06 L 14.8 2.62 G 0.09 0.93 5.5 65.9 − 55.6 41.4 28.6 MSX
21088+4546 − − 8.30E-06 G 18.9 4.02 G 0.29 1.6 5.3 14.7 − 14.3 6.8 4.6 MSX
21147+5110 − − 1.38E-05 L 11.5 3.17 G < 0.01 < 0.01 0.10 26.4 − 29.0 23.5 19.2 MSX
21265+5042 − − 2.44E-05 G 23.2 5.61 G 0.04 0.44 2.0 22.3 − 21.0 12.6 7.8 MSX
21324+5537 − − 4.01E-05 G 20.5 4.15 G < 0.01 0.01 0.13 18.4 − 24.6 18.3 13.3 MSX
21373+4540 − − 5.27E-06 L 14.7 2.27 G 0.02 0.18 1.2 49.6 − 50.2 39.5 28.3 MSX
21444+5053 − − 3.50E-05 G 12.9 6.48 G 0.03 0.23 0.98 11.3 − 17.4 11.9 12.8 MSX
21489+5301 − − 1.02E-05 L 21.5 2.51 G < 0.01 0.02 0.31 58.3 85.0 68.6 49.3 45.7 ISO
22039+5328 − − 3.30E-06 G 36.3 2.66 G 0.09 0.64 2.5 35.9 − 32.3 20.9 11.5 MSX
22125+5608 − − 3.70E-06 L 25.5 2.40 L 2.9 9.7 16.3 21.6 − 17.1 7.2 4.0 MSX
22303+5950 − − 1.52E-05 L 18.3 3.86 G < 0.01 < 0.01 < 0.01 42.0 57.8 57.9 58.1 59.0 ISO
22354+5911 − − 1.65E-05 L 20.0 6.44 G 0.02 0.19 1.1 11.9 − 13.4 7.1 6.1 MSX
22585+6402 RAFGL 3011 − 2.48E-05 L 21.4 2.37 G 1.1 6.5 19.9 156 − 110 87.2 55.3 MSX
23234+6434 − − 8.32E-05 G 18.6 5.96 G < 0.01 < 0.01 < 0.01 10.4 − 17.8 14.2 12.4 MSX
23516+6430 − − 2.02E-05 G 18.1 4.02 G < 0.01 < 0.01 0.08 20.8 − 28.6 22.1 17.6 MSX
00210+6221 − − − − − − − 0.01 0.02 0.02 13.0 19.5 20.3 21.2 24.0 ISO
06088+1909 RAFGL 6371S − − − − 2.68 G 0.91 4.5 13.5 39.8 − 32.4 21.8 14.6 MSX
17512−2548 RAFGL 2023 − − − − − − < 0.01 0.16 1.6 143 − 112 112.7 87.8 MSX
18491−0008 − − − − − − − 0.03 0.08 0.10 33.9 − 38.8 29.7 23.2 MSX
19075+0921 RAFGL 2333 − − − − − − < 0.01 0.04 0.07 108 − 140 176.0 142.4 MSX
22130+5634 − − − − − − − < 0.01 < 0.01 0.03 16.6 − 22.1 15.9 12.3 MSX
